Eleven patients with muscular subaortic stenosis were studied by use of combined right and transatrial septal left heart catheterization. A 
SINCE Brock's original description in 1957
and 19591, 2 of "functional obstruction of the left ventricle," for which we prefer the term "muscular subaortic stenosis,"3 many reports have detailed the marked variation in outflow obstruction under various conditions in this abnormality. Brockenbrough and associates described the paradoxical decrease in pulse pressure in the post-extrasystolic beat and showed that it was associated with a normally increased left ventricular pressure, demonstrating increased obstruction associated with the positive inotropic influence of an extrasystole.4 Subsequently, the administration of digitalis glycosides,5 the inValsalva maneuver halation of amyl nitrite6 " or administration of nitroglycerin,9 passive head-up tilting,'0 intravascular volume depletion," the Valsalva maneuver,9 t1 exercise and the immediate post-exercise state,'12 13 and increase in heart rate,14 were all found to increase the degree of outflow obstruction and the left ventriculararterial pressure gradient. Of particular interest was the finding of Whalen and associates'12 15 and Braunwald and Ebert,16 that infusion of the catecholamine isoproterenol markedly increased obstruction in virtually all patients with muscular subaortic stenosis and, indeed, induced a gradient in patients in whom no resting gradient was found. The marked variability of the gradient, even under resting nonstimulated conditions, was noted by many investigators and documented by Braunwald and associates13 in several patients who had two separate catheterizations.
MUSCULAR SUBAORTIC STENOSIS
Goodwin and associates17 published pressure records showing the striking resting variation in gradient from 100 mm Hg at the beginning of a catheterization, when the patient was apprehensive, to complete absence of gradient toward the end of the procedure, when the patient was calm. These findings suggested that a major factor in the degree of outflow tract obstruction might be variations in the level of the patient's sympathetic nervous system activity and rationally led to the investigation of the effect of pronethalol and propranolol on the hemodynamics of muscular subaortic stenosis when these specific beta-adrenergic blocking agents became available. The effect of the intravenous administration of these drugs has been reported by Goodwin Pressures were measured using Statham P-23 Db transducers and photographically recorded with optic galvanometers. All pressures were referred to the mid-chest at the level of the fourth costochondral junction. The cardiac output was measured by the Fick method, with pulmonary artery and systemic artery samples being obtained midway through a 5-minute collection of expired gas during rest and a 2-min collection of expired gas during the fourth and fifth minutes of steady-state exercise. The expired gas was analyzed by the Scholander method, the hemoglobin content and oxygen saturation of the blood samples being measured by spectrophotometer on whole hemolyzed blood. Results Detailed hemodynamic data obtained during this study are presented in tables 2 to 5.
When multiple measurements of the nonstimulated gradient are obtained over the course of an hour or more, a significant variation of outflow obstruction occurs at rest in most patients with muscular subaortic stenosis (figure 1). On the basis of these resting gradients, the patients can be divided into three groups. Four patients had no gradient recorded under nonstimulated conditions and are considered to have latent outflow tract obstruction. Five patients had resting nonstimulated gradients which varied spontaneously from absent or very small to as high as 80 mm Hg and were considered to have labile outflow obstruction. Two patients had large gradients at all times but still showed significant variability; they were considered to have persistent dynamic outflow obstruction of the left ventricle. Following administration of propranolol, multiple measurements showed the resting gradient to be effectively abolished in three labile patients and reduced slightly in two. In the patients with persistent obstruction, the gradients, although substantially reduced, still remained high. The large "reverse" gradient between the left ventricle and brachial artery which was seen in some of our patients was probably a result of the increased While the gradient increased slightly during exercise before propranolol in one patient, it was unchanged or decreased in all the rest (fig. 2) . For a short period immediately after exercise, however, four of six patients in whom it was measured showed a substantial increase in gradient. After propranolol administration the control gradients were lower, and the response to exercise was unchanged. The post-exercise increase in Isoproterenol was given in a single dose of 3 or 4 ug over 15 sec, causing an average increase in heart rate of 34%. With this moderate dose of catecholamine, a large increase in gradient occurred in nine patients and a smaller increase in the other two. This response was completely blocked by propranolol ( fig. 3) .
The increased outflow obstruction following amyl nitrite inhalation and in the first normally conducted contraction following a premature contraction was abolished or reduced in some patients after administration of propranolol, but in most there was little change (figs. 4 and 5) . The gradient which occurred during the Valsalva maneuver was abolished after administration of propranolol in the latent and labile cases but was unchanged in the patient with persistent outflow obstruction ( fig. 6 ). Of additional interest were the patients with latent and labile obstruction, who had normal arterial pressure responses to the Valsalva maneuver, whereas the patient with persistent outflow obstruction showed the square-wave response which occurs in left ventricular failure. 29 Propranolol consistently decreased the cardiac output, both at rest and during exercise, but only to a small degree, the average decrease being 15% and 16%. The rest and exercise heart rates also decreased in all cases, and the stroke volume was essentially unchanged (figs. 7 
and 8).
Following catheterization, all patients were given oral propranolol therapy; the beginning dose was 40 mg daily and this was increased over a few weeks to 120 to 160 mg daily. The resting heart rate of the patients while taking propranolol orally has been the same (average, 65/min) as that present during the catheterization procedure after intravenous administration of propranolol (average, 64/min), suggesting that an equivalent level of beta-adrenergic blockade is obtained with the quantity of propranolol administered orally. Significant symptomatic benefit was obtained in all but patient 11 Left ventricular-arterial pressure gradients during the strain of the Valsalva maneuver and a few seconds after release of the strain.
(E.R.) who had persistent outflow tract obstruction of severe degree and persistent left ventricular hypertension during catheterization, even after intravenous administration of Figure 7 Resting cardiac output and stroke output before and after 150 ug/kg of propranolol administered intravenously.
propranolol had reduced the outflow obstruction. On two separate occasions after two weeks of propranolol therapy, this patient developed increased fatigability, malaise, and The gradients occurring or increasing spontaneously at rest, those occurring after exercise, or induced by a moderate catecholamine stimulus, such as might occur endogenously due to anger or anxiety, are in response to physiological conditions to which the patient is constantly exposed. In our patients, propranolol uniformly reduced the outflow obstruction occurring in response to these stimuli. In latent and labile outflow obstruction, the development of a gradient and the resultant abnormal increase in left ventricular pressure were prevented. In the patients with persistent dynamic outflow obstruction, the gradient was reduced after propranolol but still remained substantial, and left ventricular hypertension continued to be present. Propranolol only irregularly reduced the gradient occurring in response to the hypotension induced by amyl nitrite, the decreased venous return of the Valsalva maneuver, and the post-extrasystole state, but these are unusual physiological conditions and are not important factors in the patient's daily life.
Myocardial sympathetic hyperresponsiveness may be the principal abnormality in latent and labile muscular subaortic stenosis. Mild sympathetic stimulation could then cause rapid and strong contraction of the outflow tract, either independently or as part of a generalized increase of ventricular contraction, causing outflow obstruction and increased ventricular pressure. This could result in ventricular hypertrophy, which in turn would increase the obstruction, and so on. Substantially reducing or preventing these gradients with propranolol might prevent this vicious cycle of obstruction-hypertrophy and could conceivably even lead to a reduction of hypertrophy in some cases. In three of our patients, one in the latent and two in the labile group, propranolol prevented the obstruction from occurring with all stimuli. One of these patients ( fig. 9) 
